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(54) input impedance arrangement for Rf transponder 



(57) A transponder 14.1 for a radio frequency (RF) 
identification system comprises an antenna 22.1 having 
an antenna impedance (Zy^) having a real part (R^) con- 
nected to transponder circuitry presentingpp load imped- 
ance (ZJ having a real part (RJ, a ratio (^) of the real 
part (RJ of the load Impedance and the r^al part (R^) 



of the antenna impedance having a first value that is big- 
ger than one when the transponder is not transmitting 
data. During transmission of data the ratio is switched 
between the first value and a second smaller value. 




FIGURE 4 
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Description 

[0001] THIS invention relates to electronic radio fre- 
quency (RF) Identification systenns. It more particularly 
relates to a transponder forming part of such a system, s 
the system and associated methods of reading trans- 
ponders and modulating an interrogation signal. 
[0002] Electronic RF identification systems are well 
known in the art. Such a system comprises an interro- 
gator or reader and a plurality of transponders. In use, io 
the reader transmits an RF interrogation signal towards 
the transponders. In some systems, the transponders 
derive power to energize load circuits from the inten^o- 
gatlon or energizing signal. The transponders then gen- 
erate respective response signals comprising respec- ^5 
five identification code data unique to the transponder, 
by respectively backscatter modulating the energizing 
signal with the respective identification code data. The 
reader reads the response signals in sequential manner, 
thereby to identify and/or count the transponders and/ 20 
or articles with which they are associated, in use. 
[0003] Each transponder comprises transponder cir- 
cuitry presenting a load impedance to an antenna hav- 
ing an antenna impedance. In the known systems, the 
load impedance and antenna Impedance are matched 25 
in known manner to yield optimum power transfer to the 
transponder circuitry. The applicant has found that es- 
pecially in applications where the antenna apertures of 
a plurality of transponders overlap, these transponders 
are required to share the available energy and hence 30 
the transponders and the system do not always perfomi 
satisfactorily. 

[0004] In WO 98/29760 in the name of Gemplus S.C. 
A. there is disclosed a system and transponder which 
do not utilize backscatter modulation of the interrogation 35 
signal and wherein certain transponders in the energiz- 
ing field are selectively and deliberately detuned to al- 
leviate the aforementioned problems. In other embodi- 
ments the impedance of the antenna and load imped- 
ance presented by the transponder circuitry are deliber- 
ately mismatched. In a preferred form of these embod- 
iments, the load impedance is short-circuited when the 
transponder is not selected and not transmitting. A 
method of reading these transponders includes the ex- 
tra steps of selecting and unselecting at least some of 45 
the transponders. Furthemrjore, the voltage recovery of 
these transponders when not selected may not be ade- 
quate in some applications. 

[0005] Accordingly, it is an object of the present inven- 
tion to provide a transponder, identification system and 50 
method with which the applicant believes the aforemen- 
tioned disadvantages may at least be alleviated. 
[0006] According to the invention there is provided a 
transponder of a radio frequency (RF) identification sys- 
tem comprising an antenna having an antenna imped- 55 
ance having a real part (R^) connected to transponder 
circuitry pres^ting a load impedance having a real part 
(RJ, a ratio {— ) of the real part (RJ of the load imped- 



ance and the real part (R;^) of the antenna impedance 
having a first value that is bigger than one when the 
transponder is not transmitting data. 
[0007] The first value may typically be at least 2, but 
preferably it is at least 1 0. 

[0008] In applications where backscatter modulation 
is utilized and during transmission of data, the value is 
switched between the first value and a second smaller 
value. In some embodiments, the second value may be 
bigger than one and in other embodiments it may be 
smaller than one. 

[0009] The real part of the antenna impedance is pref- 
erably constant during use and may be in the order of 
40n. However, typically, the real part of the antenna im- 
pedance is in the order of hundreds of ohms such as at 
least 400a and preferably it is at least 600Q. The real 
part of the load impedance is typically in the order of 
thousands of ohms, preferably in the order of 6000n, 
while the transponder is not transmitting data. 
[001 0] The invention also includes within its scope an 
electronic identification system comprising transpond- 
ers as herein defined and/or described. 
[0011] Yet further included within the scope of the 
present invention is a method of reading a plurality of 
radio frequency transponders each comprising an an- 
tenna having an antenna impedance having a real part 
and a load connected to the antenna, the load having a 
load impedance having a real part, the method compris- 
ing the steps of:- 

transmitting a radio frequency interrogation signal 

towards the transponders; 

at each transponder, normally causing a ratio of the 
real part of the load impedance and the real part of 
the antenna impedance to have a first value of big- 
ger than one; and 

when transmitting data, causing the ratio to be 
switched between the first value and a second 
smaller value in accordance with the data. 

[0012] Still further included within the scope of the 
present invention is a method of modulating an imping- 
ing radio frequency signal comprising the steps of: 

receiving the signal via an antenna having an an- 
tenna impedance having a real part; 
adjusting a real part of a load impedance connected 
to the antenna to cause a ratio of the real part of the 
load impedance and the real part of the antenna im- 
pedance to alternate between a first value bigger 
than 1 and a second smaller value, thereby to back- 
scatter modulate the impinging signal. 

[001 3] The invention will now further be described, by 
way of example only, with reference to the accompany- 
ing diagrams wherein: 

figure 1 is a block diagram of an electronic radio 
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figure 2 
figure 3 
figure 4 

figure 5 

figure 6 



frequency identification systenn; 
is a basic block diagram of a prior art 
transponderforming part of an identifica- 
tion systenn; 

is an equivalent diagram of a transpond- 
er for illustrating the principles underlying 
the present invention; 
is a basic block diagram of a transponder 
according to the invention forming part of 
an identification system according to the 
invention; 

is a diagram of the relationship of — 
against time in a first embodiment of tnfe 
transponder, system and method ac- 
cording to the invention; and 
is a similar diagram for a second embod- 
iment of the invention. 
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[0014] A known electronic radio frequency (RF) iden- 
tification system is generally designed by the reference 
numeraMO in figure 1 , 

[0015] The system 10 comprises a reader or interro- 
gator 1 2 for transmitting an RF interrogation or energiz- 
ing signal 1 6 towards a transponder population 1 4 com- 
prising transponders 14.1 to 14.n. The transponders are 
of a kind deriving power from the energizing signal to 
power local circuits of the transponders. In use, the 
transponders are mounted on or associated with re- 
spective articles 18.1 to 18.nto be Identified or counted. 
[0016] Each transponder when energized as afore- 
said, modulates the re-transmitted signal (for example 
by backscatter modulation of the energizing signal) to 
generate respective response signals 20.1 to 20. n com- 
prising respective identification code data characteristic 
of that transponder. The reader 12 reads these re- 
sponse signals in sequential manner to identify the 
transponders and the articles, or simply to count the ar- 
ticles. 

[0017] Referring to figure 2, known transponder 114.1 
comprises an antenna 122.1 having an antenna imped- 
ance Za having a real part R^ and an inductive imagi- 
nary part Xa- The antenna is connected to transponder 
circuitry which is normally integrated in known manner 
on an integrated chip 124.1. The transponder circuitry 
presents a load impedance Zl having a real part Rl and 
a capacitive imaginary part Xl- In the known systems, 
the parts X^ and Xi_ are selected to cancel one another 
at the operating frequency fo of the system. Further- 
more. Rl is selected to be equal to Ra- With such an 
arrangement optimum power, that is 50% of the incident 
power, is absorbed by the transponder circuitry and 60% 
is reradiated. 

[0018] It has been found that with a plurality of trans- 
ponders 14.1 to 14. n located close to one another, their 
respective antenna apertures overtap, so that an unnec- 
essary high level of power in the energizing signal is ab- 
sorbed by some transponders, thereby reducing the 
available power pertiaps to a level below a threshold for 



at least some of the other transponders. It is also be- 
lieved that improved results could be obtained in use, 
by not optimizing the power absorption by the trans- 
ponder circuitry, but rather to improve the voltage recov- 
ered from the energizing signal over the load Imped- 
ance. If the power that one transponder absoriDS can be 
reduced, then there is more power available for use by 
other transponders. 

[0019] By deliberately mismatching the real part Rl of 
the transponder circuitry impedance, the operating volt- 
age for the chip may be increased and the power ab- 
sorbed decreased. More particularly, this is achieved by 
selecting the real part Rl of the transponder circuitry im- 
pedance higher than the real part Ra of the antenna im- 
pedance, typically at least two times higher and prefer- 
ably at least ten times higher. 

[0020] This may be illustrated with reference to the 
following example and figure 3. In figure 3 there is shown 
an equivalent circuit of a transponder 14.1 for a case 
where the imaginary parts of the antenna and load im- 
pedances are adjusted so that they cancel out at the 
operating frequency f^ = 900 MHz, X= 0.33m. Let's as- 
sume that the effective radiated power (ERP) from the 
reader 1 2 is = 4W, that the real part Ra of the antenna 
impedance is 600 Q. and that antenna gain g = 1 .5. 
[0021] The power density at a distance d of 2.me- 
ters from the reader is given by 



30 p J = L_ = 0.08 Watts per square meter 
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[0022] The antenna aperture Ag for the above 
halfwave dipole antenna is given by 
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A, = ^=0.0133m 



40 [0023] The antenna emf is given by the equation 



4S [0024] Current i flowing in the circuit is given by: 
i=-^ 
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55 



[0025] The voltage V^d over the load or transponder 
circuitry 24.1 is given by 

Vdd = i^L 

[0026] From the following table it can be seen that for 
Rl = SOOOn as opposed to the conventional matched 
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600n, less power Pg is absorbed by the transponder and 
the recovered voltage V^d is higher. 





Rl = 600i2 


Rl = 6000 a 


i 


1,3 mA 


0,242 mA 




1060 M-W 


353 M-W 


Vdd 


0,78V 


1 .455V 



[0027] It will be seen that with Rl = 6000n the power 
absorbed is 66% less and the voltage recovered Is 
87% higher. Thus, there is more energy available for 
other transponders. 

[0028] In figure 4 there is shown a more detailed block 
diagram of the transponder 14.1 according to the inven- 
tion. The transponder comprises an antenna 22.1 hav- 
ing an antenna impedance with a real part Ra of 600n. 
The transponder further comprises local transponder 
circuitry 24.1 comprising a detector 26, logic circuitry 28 
including a controller and a modulator 30. The trans- 
ponder circuitry presents a load impedance Zl- The im- 
aginary parts of the antenna impedance and the load 
Impedance are selected such that they cancel at the op- 
erating frequency f^. A real part of the load impedance 
Rl is selected to be in the order of 6000 n. 
[0029] A data signal 32 generated by the logic circuitry 
28 comprises identification code data characteristic of 
the transponder. In use, the transponder derives energy 
to power the transponder circuitry from the incident en- 
ergizing signal 1 6. The data signal is utilized to drive the 
modulator by switching the transistor 30 between nor- 
mal "off" states when the transistor is open circuit and 
Rl= 6000 £2, and modulated "on" states when the tran- 
sistor forms a short circuit and when Rl < < 100 Q. In 
both states most of incident energy is reradiated and is 
hence available for other nearby transponders. 
[0030] Due to this switching of the modulator 30, the 
data signal 32 is backscatter modulated on the energiz- 
ing signal 1 6 to form a response signal 20.1 carrying the 
data signal. 

^031] In figures 5 and 6 there are shown diagrams of 

— against time for two embodiments of the transponcj^^r 
according to the invention. In figure 5, the ratio of — 
when the transponder is not transmitting has a first valufe 
^0 of at leastten (10). During data transmission, the ratio 

— is switched between the aforementioned first value 
aAd a secoryi value 42 of more than one (1 ). In figure 6, 
the ratio of — when the transponder is not transmitting 
has a first vatue of at least ten (1 0) and during modula- 
tion or data transmission, it is switched between the first 
value and a second value 44 of less than one (1). 
[0032] It will be appreciated that there are many var- 
iations in detail on the transponder, identification system 
and method according to the invention without departing 
from the scope and spirit of the appended claims. 



Claims 

1 . A transponder for a radio frequency (RF) Identifica- 
tion system comprising an antenna having an an- 

5 tenna impedance having a real part (R^) connected 
to transponder circuitry presenting ^ load imped- 
ance having a real part (Rl). a ratio (^) of the real 
part (Rl) of the load impedance and fhe real part 
(Ra) of the antenna impedance having a first value 

10 that is bigger than one, when the transponder is not 
transmitting data. 

2. A transponder as claimed In claim 1 wherein the val- 
ue is at least ten. 

15 

3. A transponder as claimed in claim 1 or claim 2 
wherein when the transponder is transmitting data, 
the ratio is switched between said first value and a 
second lower value, thereby to back-scatter modu- 
lo late the data on an impinging interrogation signal. 

4. A transponder as claimed In claim 3 wherein the 
second value is also bigger than one. 

25 5. A transponder as claimed in claim 3 wherein the 
second value is less than one. 

6. A transponder as claimed in any one of claims 1 to 
5 wherein the real part of the antenna impedance 
30 Is in the order of hundreds of ohms and the real part 
of the load impedance is in the order of thousands 
of ohms when the transponder is not transmitting 
data. 

35 7. An electronic identification system comprising a 
transponder as claimed in any one of claims 1 to 6. 

8. A method of reading a plurality of radio frequency 
transponders each comprising an antenna having 
40 " an antenna impedance having a real part and a load 
connected to the antenna, the load having a load 
impedance having a real part, the method compris- 
ing the steps of:- 

45 - transmitting a radio f requency intenrogatton sig- 
nal towards the transponders; 
at each transponder, normally causing a ratio 
of the real part of the load impedance and the 
real part of the antenna impedance to have a 

50 first value of bigger than one; and 

- when transmitting data, causing the ratio to be 
switched between the first value and a second 
smaller value in accordance with the data. 

55 9. A method of modulating an impinging radio frequen- 
cy signal comprising the steps of: 

receiving the signal via an antenna having an 
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antenna impedance having a real part; 
adjusting a real part of a load impedance con- 
nected to the antenna to cause a ratio of the 
real part of the load impedance and the real part 
of the antenna impedance to altemate between 
a first value bigger than one and a second 
smaller value, thereby to backscatter modulate 
the Impinging signal. 
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Za=Ra^ jX,; ZL=RL-jXL 
wherein R^ = Rj^ and 



FIGURE 2 (PRIOR ART) 
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